dioxide and its contribution to global warming is of concern. More appropriate recycling and reuse of vegetable biomass is important for sustainable development.
The technological uses for vegetable biomass include the adsorption of heavy metals onto, for example, vegetable biomass 1 10 , mineral natural kaolinite clay or montmorillonite 11, 12 , date pits solid adsorbent 13 , and algae 14 18 . We previously reported on the ability of waste biomass to adsorb copper, lead, iron, and cadmium 19 22 . The abovementioned studies show that biomass is able to adsorb heavy metals. Although fat is a typical component of biomass, no studies have investigated the effect of that fat on heavy metal adsorption. Moreover, only a few studies have investigated the desorption of heavy metals from biomass; therefore, this is an area that requires further investigation. It is crucial to elucidate the underlying mechanisms of heavy metal adsorption onto biomass, as well as those of desorption from the biomass. In this study, the ability of copper and cadmium to adsorb onto CG and RB was determined for the development of recycling and reuse technologies. Furthermore, the desorption of copper and cadmium from the biomass using HNO 3 was investigated.
Characteristics of CG and RB
Defatted CG D-CG or defatted RB D-RB was prepared as follows: a soxhlet fat extraction apparatus for extraction with ether was used to measure the crude fat content 23 . A 10.0 g biomass sample was placed in a cylindrical paper fi lter and dried at 100-105 for 2-3 h. The fl ask was half-fi lled with diethyl ether and extraction was performed for about 8 h. The fl ask was dried at 98-100 for about 1 h, left to cool in a desiccator, and weighed. The crude fat content was calculated using Eq. 1 , as follows: F A B 100 / 10 1 where F is the crude fat content , A is the weight g of the flask after fat extraction and drying, and B is the weight g of the fl ask before fat extraction.
The crude protein content was calculated using the semi-micro Kjeldahl method 24 , a is the sulfuric acid titer mL required in the main experiment, b is the sulfuric acid titer mL required in the blank experiment, M is the sample weight mg , and 6.25 is the nitrogen coeffi cient.
The iodine adsorption capacity indicates the specifi c surface area; the iodine adsorption capacity of the biomass was measured according to JIS K1474 Japanese Industrial Standard . Biomass was added to a 0.05 mol/L iodine solution and the suspension was shaken for 15 min. Any suspended biomass in the iodine solution was separated by fi ltration. The solution was then titrated with a 0.1 mol/L sodium thiosulfate solution. The adsorption capacity for iodine was calculated using Eq. 3 , as follows: I 10 k 12.69 5 / S 3 where I is the amount of iodine adsorbed mg/g , k is the volume of sodium thiosulfate solution titrated mL , and S is the amount of biomass used g .
The functional groups of the biomass were determined using Boehm s titration method 25 27 . The dried samples 1.0 g were mixed with 100 mL of a 0.1 mol/L NaOH or HCl solution. The sample suspensions were shaken for 48 h at 25 . Any excess base or acid in 50 mL of the fi ltrates was titrated using 0.1 mol/L HCl or NaOH. The surface acidity or alkalinity was calculated based on the assumption that NaOH neutralizes all acidic groups, including carboxyl, lactonic, and phenolic groups, and that HCl neutralizes all basic groups.
2.3 Adsorption isotherms of copper and cadmium onto biomass Biomass 0.05 g was added to 50 mL of 150-3000 μg/L Cd NO 3 2 or Cu NO 3 2 . The solution was then shaken at 25 for 20-24 h and fi ltered using a 0.45 μm membrane fi lter ADVANTEC . The copper or cadmium concentration in the filtrate was then measured using an inductively coupled plasma-atomic emission spectrometer ICP-AES, ICP-7000, Shimadzu . The amounts adsorbed were calculated using Eq. 4 , as follows:
μg/L , and W is the adsorbent weight g .
The pH of the solution was measured using a pH meter Mettler Toledo International Inc. .
Effect of contact time on the adsorption of copper
and cadmium The effect of contact time on the adsorption of copper or cadmium onto biomass was measured as follows: 0.05 g of biomass was added to 50 mL of 3000 μg/L Cd NO 3 2 or Cu NO 3 2 . The solution was shaken at 25 for 1, 3, 6, 12, 16, 20 , and 24 h. The copper and cadmium contents of the fi ltered solutions were measured by ICP-AES. The amount adsorbed with time was calculated, as above, using Eq. 4 .
Desorption of copper and cadmium using HNO 3
The desorption of copper or cadmium by HNO 3 , which was obtained from Wako Pure Chemical Industries Co. Ltd., was investigated as follows: 0.5 g of biomass was added to 200 mL of 3000 μg/L Cd NO 3 2 or Cu NO 3 2 . The adsorption experiment was conducted as above. The desorption experiment employed the biomass that had absorbed either copper or cadmium and was left to dry in a desiccator. The post-adsorption biomass was added to 20 mL of either a 0.01 or 1.00 mol/L HNO 3 solution and shaken at 25 for 24 h. The copper and cadmium contents of the fi ltered solutions were measured using ICP-AES. The amount desorbed was calculated using Eq. 5 , as follows:
where D is the amount desorbed μg/g , C is the equilibrium concentration μg/L , and W is the adsorbent weight g .
RESULTS AND DISCUSSION
3.1 Characteristics of CG and RB Table 1 shows the characteristics of CG and RB. The CG and RB lipid contents were 7.8 and 16.1 , respectively. The amount of crude protein in defatted biomass was greater than that in untreated biomass due to the relative increase in the amount of nitrogen in defatted biomass. The iodine adsorption ability indicates the specifi c surface area of the materials; the iodine adsorption ability was greater for CG than D-CG, whereas the iodine adsorption abilities of RB and D-RB were similar. Acid or base consumption indicates all of the acidic or basic functional groups on the surface materials. The acid and base consumption of D-CG was increased and decreased, respectively, compared with that of CG, whereas the reverse trend was seen with D-RB. Moreover, CG acid consumption was not detected.
Adsorption isotherms of copper and cadmium onto
biomass The amount of copper and cadmium adsorbed by CG and RB is shown in Fig. 1 . The amount of copper adsorbed onto CG was similar to that onto D-CG: the adsorption of copper onto CG was not dependent on the presence of fat. In contrast, the amount of copper adsorbed onto D-RB was less than that onto RB, indicating that RB copper adsorption was affected by the amount of fat or basic functional groups Table 1 indicates that the number of basic functional groups on the RG surface decreased in defatted biomass . The amount of cadmium adsorbed onto CG was similar to that onto D-CG; therefore, as in CG copper adsorption, CG cadmium adsorption was not affected by the presence of fat. These results indicate that the amount of copper or cadmium adsorbed onto CG was not dependent on the amount of fat. However, the amount of cadmium adsorbed onto D-RB was less than that onto RB, indicating that RB cadmium adsorption was affected by the presence The data for the adsorption of copper or cadmium onto biomass were fi tted to the Freundlich equation 6 . Therefore, the adsorption ability is evaluated by its constants, K and 1/n, as per logV 1/nlogC logK 6 where V is the amount adsorbed μg/g , C is the equilibrium concentration μg/L , and n and K are adsorption constants. Constant 1/n, which is the slope of the Freundlich linear equation, numerically represents the affi nity of the adsorbent for the adsorbate; constant K, an ordinate intercept, numerically represents the relationship of the adsorbent-adsorbate affi nity to which the volume of adsorbate is added 28 . When 1/n is in the range of 0.1-0.5, the adsorbate is considered to be easily adsorbed. On the other hand, if 1/n 2, adsorption is considered to be diffi cult 29 . The data shown in Fig. 1 were applied to the Freundlich equation and logK and 1/n were calculated Table 2 . For the adsorption of copper and cadmium, the 1/n value was in the range of 0.21-0.85, which is less than 2. These results indicate that adsorption is not difficult. The Freundlich plot shows a linear line with correlation coeffi cients of 0.794-0.991, suggesting accordance with the Freundlich equation. Since the Freundlich equation is based on the monolayer adsorption theory, the adsorption behavior of copper or cadmium onto CG or RB might be monolayer.
3.3 Effect of contact time on the adsorption of copper and cadmium Contact time is one of the important parameters for the successful practical usage of adsorbents. The effect of contact time on the adsorption of copper and cadmium was investigated. As shown in Fig. 2 , the equilibrium adsorption of copper or cadmium was established within 15-25 h. The amount of copper adsorbed onto CG and RB was 1784 μg/g and 1926 μg/g, respectively, while the amount of cadmium adsorbed onto CG and RB was 1165 μg/g and 834 μg/g, respectively. In this study, 3 h after the start of adsorption, the amount of copper adsorbed onto CG and RB was 959 μg/g and 1032 μg/g, respectively, while the amount of cadmium adsorbed onto CG and RB was 929 μg/g and 489 μg/g, respectively. When the concentration of copper or cadmium in aqueous environments is taken into consideration, a 3 h contact time is suffi cient for using adsorbents for water purifi cation.
In this study, the adsorption data were analyzed using the pseudo-second-order model. Experimental data were also fitted to the pseudo-second-order model 30 , which is given as Eq. 7 , as follows: t/Q t 1/kQ e 2 1/Q e t 7 where k is the rate constant of the second-order equation g/μg h , Q t is adsorption time t h and Q e is the adsorption equilibrium μg/g . 
Copper and Cadmium Adsorption by Waste Biomass
This model is more likely to predict the kinetic behavior of adsorption with chemical sorption being the rate-controlling step 31 . The rate constant k and the r and Q e values are given in Table 3 . The pseudo-second-order model showed a correlation coefficient r average of 0.891-0.945. These high r values show that the adsorption of copper or cadmium onto CG or RB is well-matched to the pseudo-second-order kinetic model, which is based on the assumption that the rate-limiting step may be chemisorption.
3.4 Desorption of copper and cadmium using HNO 3 Table 4 lists the percentages of copper and cadmium recovered by HNO 3 . The amount of copper and cadmium desorbed from CG using 0.01 mol/L HNO 3 was 840.8 mg/g desorption percentage: 89 and 758.2 mg/g desorption percentage: 86 , respectively. On the other hand, the amount of copper and cadmium desorbed from RB was 1082.4 mg/g desorption percentage: 97 and 570.2 mg/g desorption percentage: 90 , respectively. These results show that 0.01 mol/L HNO 3 is useful for the desorption of copper and cadmium from waste biomass. The percentages of copper or cadmium desorbed using 1.00 mol/L HNO 3 were in the range of 82-113 , thereby showing similar results to those using 0.01 mol/L HNO 3 . As mentioned above, the adsorbed copper or cadmium could be recovered using HNO 3 . These results indicate more effi cient recovery than that reported by Sari and Tuzen 32 . Interestingly, only a relatively low concentration of HNO 3 was required for copper or cadmium desorption, with a concentration of 0.01 mol/L being more suitable than 1.00 mol/L. We showed that the copper or cadmium adsorbed using waste biomass could be recovered.
CONCLUSION
The results show that the amount of copper or cadmium adsorbed using CG was larger than that using RB. The amount of copper or cadmium adsorbed was not affected by the presence of fat in CG. On the other hand, the amount of adsorbed copper or cadmium using RB was affected by the presence of fat or basic functional group. The adsorption data were fi tted to the Freundlich equation to generate correlation coeffi cients of 0.794-0.991. Moreover, the percentage of copper and cadmium desorbed using 0.01 mol/L HNO 3 was in the range of 86-97 , which indicates that the copper or cadmium adsorbed by waste biomass could be recovered. 
Amount adsorbed: Cu-CG, Cu-RB, Cd-CG and Cd-RB was 942 μg/g, 1121 μg/g, 878 μg/g and 635 μg/g, respectively.
